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ABSTRACT

Nowadays, with the rapid advancement of industrialization, the livestock sector has
become increasingly reliant on scientific and technological innovations in engineering practices.
In the case of ducks, a reduced growth period may indeed impede feather development, which
presents significant challenges for their utilization in technically demanding sectors. Notably, the
manufacturing of badminton shuttlecocks, which traditionally relies on high-quality duck feathers,
faces a potential material constraint issue. To address this pressing concern, this proposal advocates
for the artificialization of the shuttlecock's feathers. This innovative solution aims to circumvent the
material constraints posed by the changing livestock industry, while still ensuring the production of
high-quality shuttlecocks. The study employed advanced simulation techniques, utilizing Moldflow
software integrated with the finite element method and boundary element method, to identify potential
defects and optimize the design. Following the simulations, process parameters were meticulously
determined for the design and fabrication of the injection mold. The result was an efficient and
effective method for producing artificial feather shuttlecocks, which maintains the quality standards
of traditional models. This article presents a comprehensive analysis of the plastic injection-molded
shuttlecock feather ribs product. It provides a detailed description of the engineering process, the
challenges faced, the solutions developed, and the results of the rigorous testing process.
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TOM TAT

Ngay nay, véi sy phdt trién nhanh chéng cia cong nghiép héa, nganh chdan nudi ngay cang
phu thude vao nhitng doi méi khoa hoc va cong nghé trong thyee tién kj thudt. Doi véi vit, thoi gian
sinh truéng gidm c6 thé can tré sw phdt trién long, diéu ndy ddt ra nhitng thdach thLi"c ddng ké cho
vigc st dung chung trong cdc linh vue doi hoi ky thudt cao. Bang chu y, vzec sdn xudt cdu long von
dwa vao 16ng vit chdt lwong cao, dang phdi doi mdt véi van dé han ché vé nguyén liéu tiém an.

DPé gidi quyét van dé cdp bdch nay, dé xudt ndy ung hé viéc nhan tao héa long cau. Gidi
phap sang tao nay nham muc dich khac phuc nhitng han che vé nguyén liéu do nganh chan nuoi
thay doi, dong thoi van dam bao san xuat cau long chat lwong cao. Nghién cuu da sw dung cac ky &
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thudt mé phong tién tién, sir dung phan mém Moldﬂow tich hop VO phu’ong phap phan tir hitu han
va phwong phap phan tir bién, dé xdc dinh cdc khuyét (Gt tiem dn va toi wu héa thiét ké. Sau khi mé
phong, cac thong so quy trinh dwoc xac dinh ti mi cho vzec thiét ké va ché tao khuén ép phun Két
qud la mét phicong phép hiéu qua va hiéu qud dé san xudt cau 1ong nhan tao, duy tri tiéu chudn chdt

lwong cua cac mo hinh truyén thong.

Bai viét trinh bay phan tich toan dién vé san pham gan 1ong cau dwoc ép phun nhwa. N6
cung cap mo ta chi tiét vé quy trinh ky thudt, nhitng thach thirc phai doi mat, cdc giai phap dwoc
phat trién va ket qua cua quy trinh thir nghiém nghiem ngat.

T khéa: Ep phun vi mé; Cau léng tong hop; Ep phun.

1. INTRODUCTION

Plastic injection molding process is
a popular and fast-growing manufacturing
method that produces a wide range of products
with complex shapes at low cost [1, 2]. The
process involves injecting molten plastic into
a mold, where it cools and solidifies in three
phases: filling, packing, and cooling. The
popularity of this process is evident from
the numerous products produced using this
method [3], which offers advantages such as
high production rates, repeatability, and the
ability to produce complex shapes with tight
tolerances using a variety of plastic materials.

The passage emphasizes the increasing
importance of semi-artificializing shuttlecocks
for environmental protection. Synthetic
shuttlecocks offer better durability than
feathered ones, albeit with more complex
aerodynamics, resulting in slower movement
but better speed retention [4]. Feathered
shuttlecocks are made using feathers from the
left wings of ducks or geese [5], which raises
sustainability concerns. The shift towards semi-
artificial shuttlecocks represents a positive
step in addressing environmental issues while
maintaining the game's essential characteristics.
Previously, the production of shuttlecocks

required a large amount of duck feathers and
rubber, resulting in unnecessary waste and
environmental pollution. Improvements in the
artificialization of shuttlecock production have
significantly reduced this waste. Manufacturers
now use friendly materials to produce
shuttlecocks, increasing product sustainability
and protecting the environment. Furthermore,
this provides athletes with a better playing
experience.

2. 3D MODEL FOR FEATHER RIBS OF
SHUTTLECOCK

b) 3D model
Fig. 1. Detail drawing of the product
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The detailed drawing of the product
is shown in Fig.1, and the feather ribs must
meet the requirements for strength, weight,
and flexibility. Therefore, a technical plastic
material with low shrinkage coefficient was
chosen. Among the available materials,
Polyamide 6 with shrinkage coefficient of 1.0
is a suitable material for making the shuttlecock
body. The product specifications are indicated
on the drawing.

3. METHODOLOGY
Simulation of processes:

In this study, the finite element method
and boundary element method embedded in
Moldflow were used toidentify potential defects.
Then, the process parameters are established to
design and manufacture the injection molding.
Based on the aforementioned properties, PA
resins, specifically PA6, are suitable for the
product's operational requirements.
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b) Confidence fill
Fig. 2. Fill time and confidence of fill

The filling ability is 100% and there
are no defects. Time fill time is approximately
0.87s. The simulation result is shown in Fig. 2.

Fig. 3 illustrated the average temperature
and pressure during injection process. The
average temperature of the molding process is
298°C. The injection pressure is approximate
159 Mpa.

P

a) Injection pressure

b) Average temperature
Fig. 3. Injection pressure and average temperature

The locations of the weld line and air
traps were determined in Fig.4. It is the basis
parameter for mold design and prediction of
possible damage during injection molding.

a) Air traps
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b) Weld line
Fig. 4. Air traps and weld lines

Design of the sliding system:

In this case, core was pulling with angled
ejection, and undercut release, a cylindrical
cam can be designed to control these actions
synchronously.

Calculations for the slider cylindrical
cam, where:

Length of the cam's angled section
(La), length of the cam's straight section. (L),
sliding movement distance (M), cam's tilt angle
(), gap between the cam and the sliding plate
(C), cam's dwell distance (D), blocking distance
for movement (d), length of the straight edge of
the hole (e).

M=Ls»*tanx — C (D
C

D=(Ls—e)+—0 2)
tano

From equations (1) and (2), it follows that:

M+ C
L, = tana (3)
_DXtana—C
LS—W‘FE (4)

Heat Exchanger:

- Mold dimensions: 230 x 200 x 163 mm;

- Mold material: SKD 61 Steel;

- Ambient temperature: 30°C;

- Mold temperature: 100°C;

- Time required to reach temperature:
20 minutes.

To calculate the heating power needed
for the mold, consider the entire block with
the surface areas mentioned. The heat required
for the mold includes the heat needed to raise
the mold temperature and the heat loss due
to thermal exchange with the surrounding
environment.

Heat required to raise the mold
temperature from 30°C to 100°C:

Q, =G xc xAt (5)

With: G = 58.48 kg; ¢ = 0.45 kJ/Kg52;
At=100—30=70°C.

Thus:
an = 58.48%x0.45x70 = 1842.12 k]

The molding machine operates in a stable
temperature environment. The mold temperature
is transferred to the outside environment
naturally. Therefore, we calculate heat loss to the
environment as natural convection.

The heat loss is the total heat transferred
through the environment at the 6 faces of the
mold.

Heat loss calculation:

Q=ax$xAt (6)
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Grashof number (Gr):
X BxtxL?
Gr="2 BV (7)

Refer to the physical property tables for
dry air: v=16.69 x 10

With g =9.81 m/s%.

1
B= t+ 273
At=100—-30=70°C

Horizontal surface: L = 200 (select
smaller dimension):

981 x . x 70 % 0.23

338 - 973832

G
'n 16.69 X 10-5

Vertical surface: L = 163 (select taller
dimension):

981X % X 70 X 0.1633
Grqg = T OIEl=s = 527177
Rayleigh number (Ra):
Ra=Grx Pr (8)
Refer to the tables for dry air: Pr=0.699
Thus,

Ra =973.832 % 0.699 = 680.708
Ra,=532.177 % 0.699 = 368.497

Heat transfer coefficient:

_Nuxl 9
a=— 9)

Refer to the tables for dry air:

w
A=276 X 10_2Edegree

And the coefficient:
Nu=C x Ra" (10)
Heat Dissipation from the Surfaces:

Q,=a xS xAt=0.8630
Q,=a xS x At=1.5875
Q,=a, x S x At=1.2368
Q,=a,x S x At = 1.4224

Total heat loss:

Q,=>Q=0.8630 + 1.5875 + 1.2368 +
1.4224 =5.1097 kJ

Total heat required:
Q=Q,+Q,=1847.23kJ

Select the Heating Time for the Mold:
20 minutes.

Required Heating Power:

Q 184723

=1 11
: 1200 1539 kW (11)

We select a heating element with a
power of 1.6 kW.

4. RESULTS AND DISCUSSION
The completed 2D drawing and 3D

model of the injection molding for feather ribs
is shown in Fig. 5.
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Fig. 5. 2D drawing of the mold
5. CONCLUSION

In this article, a detailed analysis of the
plastic injection molded shuttlecock feather
ribs product, including both description and
results of the testing process is presented.
Moreover, some basic characteristics of the
injection mold design are introduced to provide
a comprehensive overview of the production
process for this product. <+
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